Pork is the single most important source of animal protein in Vietnam and its availability has a substantial impact on the well-being of the Vietnamese. Since 1996, the local supply and per capita availability of pork in Vietnam have increased substantially. The trends in and sources of this growth in supply are identified by analysing official statistics. Differences in regional supply of pork are also identified, as well as regional variations in pork yields. Vietnam's pork industry relies on many small-scale household producers for the bulk of its pork supply. The structure of the sector is investigated and found to be altering slowly -a slight increase in scale of production units has been occurring. The rate of growth in Vietnam's supply of pork has slowed and production could decline despite the large increases in productivity in this sector since the mid-1990s. The industry is still not internationally competitive. Hence, imports of pork from Canada and the USA occurred in the last few years, and these may increase after 2012 when Vietnam should become World Trade Organization (WTO)-compliant. This concerns the Government of Vietnam because it could threaten the economic sustainability of its pig industry. The Government believes that by adopting policies to increase the scale of production of individual pig-producing units, this will shore up the competitive position of its pig sector. This policy is discussed.
INTRODUCTION
With rising incomes in Vietnam in recent years, the Vietnamese market for pork has expanded, the pig sector has become more market-oriented and the demand for better quality pork has increased. At the same time, new techniques for pig production, including the introduction of imported breeds of pigs (see for example [1] [2] [3] ) have been adopted and this has added substantially to the supply of pork in Vietnam.
Pork is the single most important source of animal protein in Vietnam and virtually all Vietnamese households consume it. This is underlined by the results of a recent survey of meat consumption patterns in Vietnam funded by the Australian Center for Agricultural Research (ACIAR) and conducted by Vietnam's Center for Agricultural Policy (CAP) and the International Livestock Research Institute (ILRI). These results are outlined for example by Phong Anh Nguyen et al. [4] . While per capita consumption of most meats have risen in Vietnam (for instance, beef) with growing incomes in Vietnam, pork still retains its premier position nationally as the type of meat most consumed. There are, however, some regional variations in its relative importance. For example, in some coastal provinces per capita consumption of fish outstrips that of pork. Nevertheless, given the relative importance of pork in the budget outlay of Vietnamese households, changes in the availability of pork in Vietnam have significant implications for the economic well-being of Vietnamese and are of national policy interest.
This article uses official Vietnamese statistics (mainly those of the General Statistical Office of Vietnam) in order to specify national trends in the primary supply of pork in Vietnam to provide insights into the structure of its pig sector in terms of variations in the number of pigs held by different suppliers and to analyse differences in supply of pork coming from the different regions of Vietnam. Some current policy issues facing the future of Vietnam's pig industry are also discussed. While the available statistics have some limitations, they are adequate for establishing broad trends.
In turn, information is provided in this article on trends in the level of Vietnam's pork production, in the number of its pigs, and changes in pork yields, mainly for the period 1996-2006. Sources of the increases in Vietnam's domestic supply of pork are identified in terms of the relative contributions of changes in its stock of pigs and their yields. Information is also provided on the relative importance of supply of pork by households compared to its supply by other than households, that is registered farms. The dominant source of supply of pork in Vietnam continues to be from households that keep five pigs or less -that is, very small-scale producers. Variations in the regional supply of pork, in the regional size of pig populations and in regional pork productivity are also examined. In other words, it more than doubled. Although the growth rate of the increasing production tended to accelerate be-tween 1996 and 2005, in 2006 this growth rate declined (Fig.  1) . This may signal the beginning of slower future growth in Vietnam's supply of pork. Further analysis (given below) reveals that the slow down in growth of pork production in Vietnam in 2006 was a result of a decline in the number of pigs slaughtered (Fig. 3) and not due to falling pork yields from slaughtered pigs. In fact yields continued to increase strongly (Fig. 4) . The reasons for the decline in the number of pigs slaughtered in Vietnam in 2005 are unclear but one reviewer of this article suggested that the occurrence of a serious disease epidemic has been a contributing factor and that this problem continued into 2007 and beyond. Table A1 ).
TRENDS IN THE LEVEL OF VIETNAM'S PORK PRODUCTION AND IN ITS PER CAPITA SUPPLIES OF PORK
The growth in Vietnam's supply of pork outstripped the increase in its population between 1996 and 2006 and consequently, Vietnam's available supply of pork per capita rose. Fig. (2) shows that in this period, Vietnam's per capita supply of pork increased annually but in 2006 its growth rate slowed. Vietnam's supply of pork rose from 14.76 kgs per head of its population in 1996 to 29.77 kgs in 2006. Therefore, it slightly more than doubled. However, a deceleration occurred in the rate of increase in Vietnam's per capita consumption of pork in 2006 because of a decline in the rate of growth of its supply of pork (Fig. 1) . Table A1 ).
Because, during the period 1996-2006, Vietnam had virtually no imports and no exports of pork, Fig. (2) also shows the level of its per capita consumption of pork (in liveweight equivalents) in this period. However, the situation has now changed and is expected to change further. From 2006 onwards, Vietnam began importation of chilled and frozen pork from Canada and the USA. These nations were able to obtain increased access to the Vietnamese market because Vietnam has joined the World Trade Organization (WTO) and they are able to out-compete Vietnamese producers in supplying some types of pork suitable for processing or for supply to supermarkets. These exports placed some economic pressure on Vietnam's pig industry and resulted in Vietnam raising its tariffs on imported pork in order to provide greater trade protection to its pig industry. This episode signals that Vietnam needs to further increase the economic efficiency of its pig industry if it is to stave off foreign competition in some sectors of this industry. This is needed despite the fact that its yield of pork from its pig stocks has increased by approximately 50% in the last decade.
Let us consider now the basic factors that have contributed to an increase in the supply of pork in Vietnam in the period 1996-2006. The increase in the volume of pork produced in Vietnam is attributable both to a rise in Vietnam's pig stocks and the growth in the meat yield obtained from these stocks. Let us examine these components.
THE STOCK OF PIGS IN VIETNAM
The numbers of pigs in Vietnam during the years 1995 to 2006 are graphed in Fig. (3) . The number increased in every year between 1995 and 2005 but declined in 2006. The overall increase in pig numbers between 1995 and 2006 was almost 65%. The stocks of pigs in Vietnam increased by more than 10 million in this period. The decline in the number of pigs slaughtered in Vietnam in 2006 was the factor causing the growth in Vietnam's pork production to decelerate (Fig.  1) . As Fig. (4) reveals, pork yields per pig continued to rise very strongly in 2006 and to a sufficient extent to more than offset the decline in pork production which would have otherwise come about as a result of the reduction in the number Table A2 ). Fig. (4) . This graph indicates how the rate of increase in yields has accelerated in recent years. However, yields have not increased in every year since 1996. They declined slightly in 2000 and again in 2001 before displaying a strong upward trend. This pattern could be a reflection of how long it has taken for a new genetic stock of pigs to diffuse as well as the lag in the adoption of new techniques for the husbandry of pigs. In addition, learning-by-doing about new production techniques takes time and those raising pigs would have had to familiarize themselves with new production methods and the best way to husband exotic breeds and their crosses with local breeds. Table A3 ).
THE IMPUTED YIELD (PRODUCTIVITY) OF VIET-NAM'S STOCK OF PIGS
Rising pork yields indicate increasing intensification of Vietnam's pork sector and suggests rising dependence of this sector on markets. The productivity of exotic pigs and their crosses is sensitive to their feed requirements and their environmental conditions. Most of their food must be obtained commercially. Much of the food is imported [6] . This increases the vulnerability of Vietnam's pig sector to market fluctuations.
Given the measure of yield (productivity) adopted here, (namely the annual volume of pork produced divided by the number of pigs in the stock), factors that may have contributed increased yield (productivity) include:
larger surviving litter sizes;
(ii) faster growth rates of pigs which results in their being marketed at a younger age; and (iii) fewer boars due to the greater use of artificial insemination.
In turn, each of these factors can be considered further to identify their causes. For example, faster growth rates may be due to genetic improvements, better nutrition, more satisfactory housing of pigs and an increase in their healthiness. It should, however, be noted that increased yields from pig production when measured in the way done here do not necessarily imply that pig production has become more profitable. This would need separate investigation. It requires account to be taken of the extra cost of obtaining the increased productivity and comparing this to the extra revenue obtained.
Although one of the reviewers of this article said that he thought that the main reason for an increase in yield of pork per pig in Vietnam was better nutrition of pigs, it is virtually impossible to isolate the separate influences of the above mentioned factors on increasing yields because all are highly complementary with the introduction of exotic pigs to Vietnam and their crosses with local breeds of pigs. These breeds show greater yield responses to better nutrition, housing and health care than local breeds. Therefore, the introduction of exotic breeds and their crosses has been a prerequisite for rising pork yields in Vietnam. In turn, this development has required better nutrition, housing and health care of pigs as means to raise yields. Modern breeds show much less tolerance to variations in environmental conditions than traditional breeds of livestock [7, 8, Ch. 11] .
INCREASED YIELD VERSUS INCREASED PIG STOCKS AS SOURCES OF THE GROWTH IN VIET-NAM'S SUPPLY OF PORK
For the reasons outlined above which imply nonadditivity of the factors that have contributed to growth in pork yields in Vietnam, the extent of the contribution of the individual growth factors cannot be quantified. However, sources of growth in total pork supplies can be decomposed and quantified. This will enable the determination of the extent to which the expanded supply of pork in Vietnam has been a result of increased pig numbers compared to higher pork yields. Between 1996 and 2006, Vietnam's pork production rose by 1,425,104 tonnes. This increase can be decomposed into three components:
(A) that due to the increase in the number of pigs; (B) that due to the rising yield from pigs; and (C) that due to the multiplicative impact of increased yield and rising pig numbers.
These items are identified in Fig. (5) by the areas marked A, B and C respectively. It is found that increased pig numbers accounted for the largest proportion of the increase (49.49%) in pork supply between 1996 and 2006, higher yields contributed 34.98% of the increase and the combination of rising yield and pig numbers comprised 20.53% of the growth. Thus overall in this period, both rising pig numbers and yield were important for the growth in the volume of Vietnam's supply of pork, but the increased stock of pigs made the greater contribution. Table 1 ).
THE DISTRIBUTION OF THE SIZE OF PIG HOLD-INGS BY HOUSEHOLDS AND THE RELATIVE IM-PORTANCE OF SMALL-SCALE PRODUCERS IN VIETNAM'S PIG SECTOR
2006 this percentage was 83.4%. While this was a reduction, small-scale producers still dominated Vietnam's pig industry. As part of its livestock development policy, the Vietnamese Government plans to adopt measures to increase the size of pig producing units [11] . This will probably favour the development of specialized registered pig farms engaged in commercial industrial-style piggeries. Production units vary from being of a subsistence-type, to being semicommercial, to being completely commercial units. Household pig production is often a sideline activity and a part of farm diversification in Vietnam. Considerable heterogeneity exists in production units although most units have become more involved in market transactions in recent times.
REGISTERED PIG FARMS IN VIETNAM
Although households are the main suppliers of pigs in Vietnam, there are also separate registered commercial pig farms (piggeries). The general policy of the Vietnamese Government is in favour of expanding production by these commercial enterprises to add to Vietnam's production of pork. Accurate data on the number of registered pig farms in Vietnam and their attributes, such as their sizes, and changes with the passage of time have proven difficult to obtain. It is, however, known that the size of registered farms varies considerably and their average holding of pigs is substantially higher than that of households. Those who have registered farms obtain some concessions and subsidies but are also more likely to be taxed.
Data for 2006 indicate that there were 10,811 registered pig farms in Vietnam (see Table 2 ). Their regional distribution was very uneven (see Table 2 and Fig. 8 ) with the Red River Delta accounting for more than half of these farms and with the South East Region and the Mekong Delta being next in importance. This suggests that most pig farms tend to be located not too far away from the major cities of Hanoi and Ho Chi Minh City, which are the main markets for their pigs. Farms in the Red River Delta and the North East serve populations concentrated in the Hanoi and Heiphong area whereas those in the South East and Mekong River Delta mainly supply the population concentrated in and around Ho Chi Minh City. These are the main markets and establishing commercial piggeries there is likely to be more profitable than in regions further away. The price of pork tends to be higher in these metropolitan areas than elsewhere in Vietnam and transport costs for marketing are lower. Furthermore, the piggeries there have ready access to pig food much of which is imported and these areas are regional transport nodes. By comparison, there are few registered pig farms in the North West because this is well away from major markets and does not have ready access to transported pig food. There are also many ethnic groups in this region engaged in selfsubsistence agriculture. 
THE REGIONAL DISTRIBUTION OF PIGS AND PORK PRODUCTION IN VIETNAM
Considerable variation occurs in pig stocks held in the different regions of Vietnam. In 2006, the regions accounting for the largest number of pigs were in declining order: the Red River Delta, the North East Region, The Mekong River Delta and the North Central Coast (see Appendix Table A1 ). While this ordering is similar when the volume of pork production by regions is considered, the percentage shares alter and the South East moves up the scale (see Appendix Table  A2 ). Nevertheless, there is a high positive association between the number of pigs in each region and the volume of pork supplied in each as can be seen from Appendix Fig.  (A1) . Observe that there were some changes in the boundaries of regions between 1995 and 2006. My data were not adjusted for regional boundary changes, but this adjustment does not make a significant difference to the findings. Achilles Costales of the FAO reworked the data (see [5] Appendix II) to take account of regional boundary changes and found that the results remained substantially the same as reported here. Fig. (9) by numbers on a map of Vietnam. Note that the number of provinces constituting these regions and the size of the regions vary considerably. For example, the North East Region contains nine provinces whereas the North West Region contains only three and the former region is much larger than the latter. There can be considerable geographical heterogeneity within regions. For instance, the North East Region stretches from northeast of Hanoi up to China's border and then to the west of Hanoi. It, therefore, includes Bac Giang (which is close to Hanoi) and Ha Giang which is located in the west and is located far away from Hanoi. The nature of pig production in these two provinces can be expected to be quite different even though for official statistical purposes they are included in the same region. Given such geographical heterogeneity, locational diversity of pig production systems and pork yields can be expected to be even greater than reported here, for example in Fig. (12) . Nevertheless, even when geographical diversity within regions is ignored, the analysis of the statistical data for Vietnam reported here shows substantial geographical variation in the importance of its pig industry and in its economic performance. This is not surprising given that Vietnam shows a high degree of physical and cultural diversity.
Figs. (10 and 11) graph the distribution of the pig population and the volume of pork supply by the regions of 
PORK YIELDS IN THE DIFFERENT REGIONS OF VIETNAM
Between 1996 and 2006, pork yields increased in all regions of Vietnam, as can be seen from Fig. (12) . Note that regional yields have been estimated by dividing annual volumes of pork supply for each region by pig numbers in each region, as reported by Vietnam's General Statistical Office.
The results indicate that considerable disparity continues to exist in pork yields between Vietnam's regions. For example, in 2006, the region with the highest yields (Mekong River Delta) had a yield of 3.41 times that of the region with the lowest yield (the North West Region). In 1996, this disparity was 3.34. Using this range as a measure, there appears to have been some increase in the disparity of pork yields between regions in Vietnam in 2006 compared to 1996 (see Appendix Table A3 ). Nevertheless, the calculations shown in the last column of Appendix Table A3 indicate that there has on average been some reduction in the relative deviation of regional yields away from the average national yield. This ratio fell from 0.29 in 1966 to 0.23 in 2006. Despite this, the average absolute deviation away from the average national yield rose from 18.27 kgs to 21.83 kgs.
Disparity in the levels of pork productivity by regions in Vietnam may occur due to several factors. Differences could, for example reflect differences in the genetic composition of the pig stocks, and also could be a result of variations in nutrition and in husbandry techniques as well as climatic differences. However, variations in yield by regions cannot necessarily be said to demonstrate low economic efficiency in regions with low yields. Economic conditions can vary considerably by regions, and a high level of productivity (yield) in some areas may not be profitable.
Note that the three regions of Vietnam (the Mekong River Delta, the Red River Delta and the South West) had Table A1 ). Table A3 , it appears that regions that surround or are close to Vietnam's major cities (namely Hanoi and Ho Chi Minh City) have the highest yield of pork in relation to pig stocks. This is probably because they have the most rapid adoption of new techniques for raising pork yields. They are more likely to switch to improved breeds and have less costly access to processed food on which these breeds thrive, have better living conditions for their pigs and easier access to and other support services.
It is also evident that pork yields in the North West region are much lower than in other regions in Vietnam. This is an area having many ethnic minorities and incomes are generally low in this region. Traditional agricultural methods and breeds of pigs are favoured in this region which lacks large human population centres.
There is considerable scope for future study of regional differences in pig yields in Vietnam and the reasons for these differences. The extent to which such differences are economic could also be studied, bearing in mind that high yields are unlikely to be economic in all regions of Vietnam. The actual socio-economic and environmental conditions in each region need to be taken into account in determining the type of husbandry of pigs and breeds of pigs that are likely to be most economic for local conditions. Vietnam has considerable regional diversity.
DISCUSSION OF CURRENT POLICY ISSUES IN VIETNAM OF DIRECT RELEVANCE TO THE STRUCTURE OF THIS PIG SECTOR
As observed above, the supply of pork in Vietnam is obtained to a large extent from many very small-scale household producers. Despite considerable increases in the pro- Table A2 ). Fig. (12) . Pork yields in the different regions of Vietnam in 1996 and 2006. Pork yields increased in all regions but remained very unequal. A number of measures indicate that the absolute inequality of regional yields has risen but there has been some reduction in their relative inequality. However, some regional inequality is likely to be economic. (Source: based on Table A3 ). ductivity of Vietnam's pig sector since the mid-1990s, its cost of production of pork is still high in comparison to that in Canada and the USA. For example, a senior Vietnamese agricultural researcher stated at a meeting in Hanoi on 7 April, 2009 that the average cost of a kilogram of pork at the farm gate in the United States is USD 1.67 compared to USD 2.20 in Vietnam and Drucker et al. [1] provide evidence demonstrating the lack of international competitiveness of Vietnam's pork production. Vietnam's Government believes that the structure of its pig sector must be radically altered if the cost of its pork production is to be reduced [see for example, 6]. As part of its long-term plan for the development of its livestock industry up to 2020, the Government of Vietnam intends to adopt policy measures to increase the scale of production by its individual pig-producing units [11] . Its proposed new plan is similar to one adopted by China [12, p. 167] . The government believes that large-scale industrial production will reduce the cost of production of pork in Vietnam. Whether it will do so is analysed in Tisdell [13] .
Some urgency is felt by Vietnam's Government in the need to reduce production costs in its pig sector because Vietnam is required to be compliant with the regulations of the WTO by 2012 and will need to reduce the extent of the economic protection of its pig industry. A subsidiary consideration is the Government's belief that larger pig-producing units will reduce the incidence of pig diseases, improve the hygiene of pig production and generally improve the quality of Vietnam's pork supply. It is not possible to assess these hypotheses here. However, it is worth noting that cultural (social habits) factors help to shield Vietnam's pig sector against imports. Vietnamese have a strong preference for fresh pork and have a relative dislike of chilled, frozen and processed pork which is mostly retailed in supermarkets.
The development of supermarkets in Vietnam has been slow [14, 15] and most Vietnamese prefer to buy (and do purchase) their pork fresh from traditional market-outlets, mainly permanent local markets [16, 17] . As long as this preference continues, the market opening in Vietnam for imported pork is relatively small because it is of necessity not fresh and its main retail outlet is through supermarkets. Although the characteristics of this market may alter in the longer term, it is unlikely to do so in the short-term. Change is likely to depend on further rises in income in Vietnam and alterations in the lifestyle of the Vietnamese. For the time being, the nature of demand for pork in Vietnam provides a degree of natural economic protection to its domestic pig sector [see 18]. That however, does not mean that efforts should not be made to reduce the cost of pork production in Vietnam, lower Vietnam's incidence of pig diseases and improve the quality of its pork.
CONCLUDING OBSERVATIONS
The volume of pork production, the number of pigs and the average yield of pork per pig in Vietnam's stock of pigs have risen greatly since 1996. Vietnam's increased supply of pork since 1996 has been a result of increasing pig numbers and growing pork yields. While increased pig numbers accounted for the largest percentage of increased pork production between 1996 and 2006, increased yield was also important. In recent years, increased pork yield has become the major source of the growth in Vietnam's supply of pork. But the rate of growth in Vietnam's volume of pork supplies was not sustained in 2006. This could be an indication that the rate of growth in Vietnam's supply of pork is permanently slowing.
From the 2001 data, it was found that pig households account for over 90% of Vietnam's pig stocks. The average number of pigs held by households was quite small: 2.73 head. There has only been a slight increase in the average scale of pig-producing household unit since 2001. Registered pig farms account for less than 10% of Vietnam's pig stock and appear to vary significantly in size but usually operate on a larger scale than households. Registered pig farms are concentrated in the regions surrounding or near Hanoi and Ho Chi Minh City.
The number of pigs in the various regions of Vietnam differs considerably as does the volume of regional pork production. The Red River Delta, the Mekong River Delta, the North East and the South East were the most important sources of pork supply in 2006. Some regional changes in the regional supply of pork occurred between 1996 and 2006 but no major change is apparent. Regional variations in pork yields are considerable. Yields are highest in regions containing Vietnam's two major cities or close by, and reasons for this were given. Although all regions of Vietnam have recorded increased pork yields since 1996, there has been no reduction in the disparity of the regional yields.
It is apparent that intensification of Vietnam's pig sector has increased since 1996 and that pork production has become more market dependent. Therefore, the economic future of Vietnam's pig sector depends more than ever on changing market conditions. This means that the economic vulnerability of Vietnam's pig sector to external and (noncontrolled) market forces has increased.
Despite positive indicators of its improved economic performance in the period 1996-2006, Vietnam's pig industry has yet to achieve a strong competitive position internationally [1] . This is reflected in its meagre level of exports of pork and since 2006, its rising imports of chilled and frozen pork from North America. These developments are likely to accelerate structural change in Vietnam's pork industry which so far has been slow to alter its structure. Unfortunately, increased pork yields and better quality pork produced in Vietnam are not certain to prevent further penetration of Vietnam's pork market by imports. However, the fact that Vietnamese have a strong preference for fresh pork and a relative dislike of chilled frozen and processed pork provides some natural economic protection to Vietnam's pig sector. The slow development of supermarkets in Vietnam combined with the preference of Vietnamese for buying pork from traditional retail outlets further reinforces this natural protection of the local industry from imports of pork.
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